Kitaev magnets are materials with bond-dependent Ising interactions between localized spins on a honeycomb lattice. Such interactions could lead to a quantum spin-liquid (QSL) ground state at zero temperature. Recent theoretical studies suggest two potential signatures of a QSL at finite temperatures, namely a scaling behavior of thermodynamic quantities in the presence of quenched disorder, and a two-step release of the magnetic entropy. Here, we present both signatures in Ag3LiIr2O6 which is synthesized from α-Li2IrO3 by replacing the inter-layer Li atoms with Ag atoms. In addition, the DC susceptibility data confirm absence of a long-range order, and the AC susceptibility data rule out a spin-glass transition. These observations suggest a closer proximity to the QSL in Ag3LiIr2O6 compared to its parent compound α-Li2IrO3 that orders at 15 K. We discuss an enhanced spin-orbit coupling due to a mixing between silver d and oxygen p orbitals as a potential underlying mechanism.
An exciting frontier in condensed matter physics is to design materials where the spin degrees of freedom avoid a magnetically ordered ground state despite strong exchange interactions. Such compounds release the spin entropy by forming a quantum entangled ground state known as the quantum spin-liquid (QSL) [1] [2] [3] [4] . Among various proposals for a QSL, the Kitaev model is especially appealing because it is exactly solvable and can be engineered in real materials [5, 6] . The model consists of bond-dependent Ising interactions between localized S = 1/2 spins on a honeycomb lattice, H K = − K γ S i γ S j γ [1, 5] . The ground state is analytically solved by fractionalizing the spin-1/2 operators (S i ) into itinerant and localized Majorana fermions [5, 7] . Recent Monte Carlo (MC) simulations suggest that by decreasing temperature, the two types of Majoranas undergo two successive cross-overs [8, 9] . First, at a higher temperature T H , the itinerant Majoranas form coherent bands. Second, at a lower temperature T L , the localized Majoranas form Z 2 gauge fluxes aligned on all hexagons. Evidence of such behavior is reported in layered iridium oxides, α-Li 2 IrO 3 and Na 2 IrO 3 , with a honeycomb network of edge-sharing IrO 6 octahedra (Fig. 1a) where Ir 4+ assumes a J eff = 1/2 state due to strong spin-orbit coupling (SOC) [10] . However, both compounds exhibit long-range antiferromagnetic (AFM) ordering and fail to reach a QSL ground state [11] [12] [13] . Thus, a complete model Hamiltonian for the honeycomb iridates must include non-Kitaev interactions:
(1) where the Kitaev term (K) favors QSL, the Heisenberg term (J) favors AFM order, and the off-diagonal exchange term (Γ) controls details of the magnetic or-der [6, 14] . Both α-Li 2 IrO 3 and Na 2 IrO 3 seem to be closer to the Heisenberg limit (J > K) despite evidence of a strong Kitaev interaction [15, 16] .
Recently, two approaches have been taken to bring the candidate materials closer to the Kitaev limit. The first approach was to bring the Ir-O-Ir bond angles closer to 90 • and maximize a destructive quantum interference between the Heisenberg interactions across each pair of super-exchange paths [6] (Fig. 1b ). This idea led to the discovery of α-RuCl 3 [18] where the AFM order occurs at T N = 7 K [19] smaller than T N = 15 K in iridates. The second approach was to induce a random bond disorder within the honeycomb layers which is achieved in H 3 LiIr 2 O 6 due to hydrogen intercalation and a heavy stacking disorder [20] [21] [22] . Here, we present a third approach based on modifying the inter-layer bonds. We replace the Li atoms between the layers of α-Li 2 IrO 3 ( Fig.1c ) with Ag atoms to produce Ag 3 LiIr 2 O 6 (Fig.1d ). The honeycomb layers of Ag 3 LiIr 2 O 6 are identical to those of its parent compound but the chemical bonds between the layers are modified. The inter-layer Li atoms in α-Li 2 IrO 3 are octahedrally coordinated with six oxygens, three on top and three at the bottom, whereas the Ag atoms in Ag 3 LiIr 2 O 6 are linearly coordinated with two oxygens (Fig. 1c,d) . The weaker O-Ag-O dumbbell bonds result in a 30% increase of the inter-layer separation. Our experiments reveal three thermodynamic signatures that suggest Ag 3 LiIr 2 O 6 is closer to the Kitaev limit than its parent compound α-Li 2 IrO 3 . First, the AFM peak in the magnetic susceptibility of α-Li 2 IrO 3 at 15 K is absent in Ag 3 LiIr 2 O 6 . Second, a scaling behavior is observed in the AC susceptibility over three decades of T /H consistent with a random singlet scenario in QSL candidates [23] . Third, a two-step release of the magnetic entropy at T H = 75 K and T L = 13 K is observed consistent with recent MC simulations [8, 9] . Polycrystalline samples of Ag 3 LiIr 2 O 6 were prepared via a topotactic reaction at 350 • C for 24 h according to
The precursor α-Li 2 IrO 3 was synthesized following prior reports [10] . We also synthesized the non-magnetic Ag 3 LiSn 2 O 6 using a similar procedure, and used it as a phonon analogue of Ag 3 LiIr 2 O 6 in the heat capacity analysis. Powder X-ray diffraction (PXRD) was performed using a Bruker D8 ECO instrument. The FullProf suite [24] was used for the Rietveld refinement. Magnetization and heat capacity were measured using Quantum Design MPMS3 and PPMS Dynacool, respectively. Structure- Figure 1e shows the PXRD pattern of Ag 3 LiIr 2 O 6 with a Rietveld refinement in the same space group (C2/m) as its parent compound α-Li 2 IrO 3 [17, 25] . Although a prior work has suggested the space group 
, a recent structural analysis of the material agrees with our solution [27] . The asymmetric broadening (Warren line shape) of the peaks between 18 and 24 • in the inset of Fig. 1e is commonly observed in the layered honeycomb structures [28] [29] [30] . It is analyzed in the Supplemental Fig. S1 S2) show an excellent agreement between the experimental and theoretical bond distances and angles. We performed the same analysis on α-Li 2 IrO 3 and found comparable Ir-O-Ir bond angles between the two compounds (Table I) . Thus, the cancellation between opposite Heisenberg exchange paths in Fig. 1b must be comparable between Ag 3 LiIr 2 O 6 and α-Li 2 IrO 3 . However, their magnetic behavior is different as discussed next. Magnetism- Figure 2a shows that the peak at T N = 15 K in the magnetic susceptibility of α-Li 2 IrO 3 due the AFM ordering is absent in Ag 3 LiIr 2 O 6 . Similarly, Fig. 2b confirms the absence of a peak in the heat capacity of Ag 3 LiIr 2 O 6 unlike the peak at 15 K in α-Li 2 IrO 3 . However, a slight change of slope is discernible in Ag 3 LiIr 2 O 6 at T L = 13 K. These observations suggest that the second-order AFM transition in α-Li 2 IrO 3 is replaced by a cross-over in Ag 3 LiIr 2 O 6 . The yellow line in Fig. 2a is a fit to the expression χ = χ 0 + C T −Θcw which yields a Curie-Weiss temperature Θ cw = −142 K and a magnetic moment µ = 1.79 µ B comparable to the reported values in α-Li 2 IrO 3 (−105 K, 1.83 µ B ) [10, 32] . This is consistent with the similar bond angles in Table I and confirms a comparable strength of the Heisenberg exchange interaction in both compounds.
A small splitting between the zero-field-cooled (ZFC) and field-cooled (FC) curves is observed below 10 K ( Fig. 2c ) that suggests a trace of spin glass-like freezing. As seen in Fig. 2c and d , this splitting is only 3% of the total magnetization, vanishes at higher fields, and does not produce a peak in the AC susceptibility. Thus, it originates from a minority of frozen spins (quenched disorder) while the majority of the system remains in a paramagnetic QSL state. A universal behavior among QSL materials with quenched disorder is a data collapse as reported in H 3 LiIr 2 O 6 , LiZn 2 Mo 3 O 8 , ZnCu 3 OH 6 C 12 , and Cu 2 IrO 3 [21, 23, 33, 34] . The data collapse results from a subset of random singlets induced by a small amount of disorder within either a spin-liquid or a valence-bondsolid (VBS) ground state [23] . Figure 2e presents a data collapse of H 0.17 χ ac as a function of T /H over three decades of the scaling parameter. Similarly, Fig. 2f shows a scaling of T −0.83 M as a function of H/T . These scaling analyses confirm the presence of random singlets in Ag 3 LiIr 2 O 6 but cannot distinguish between a spin-liquid or a VBS ground state.
Heat capacity-As mentioned in the introduction, the MC simulations suggest that a Kitaev magnet releases the spin entropy in two successive cross-overs at a higher (T H ) and a lower (T L ) temperature [8] . In 3D, for example in a hyperhoneycomb lattice, these cross-overs turn into phase transitions [35, 36] . Figure 3a used to subtract the phonon background from the iridate. The resulting magnetic heat capacity C m is plotted as a function of T in Fig. 3b and used to calculate the magnetic entropy via S m = Cm T dT that reveals a two step structure. The first step is broad and corresponds to the broad hump at T H ≈ 75 K in C m . The second step is better resolved and corresponds to the peak at T L = 13 K in C m . Neither of these features are sharp, i.e. they are more likely to be cross-overs instead of secondorder AFM transitions. This behavior is qualitatively consistent with the MC simulations [8, 9] ; however, two deviations from the theory must be pointed out. (a) according to theory, the entropy release at each step must be 1 2 R ln(2), but we observe 60% of this value. A similar observation is reported in the parent compound, α-Li 2 IrO 3 , and the quantitative disagreement is attributed to the phonon background subtraction [10] . It is possible that Ag 3 LiSn 2 O 6 is not a perfect lattice model. (b) ideally, the ratio of T L /T H should be less than 0.03 for a Kitaev spin-liquid [8, 9] , but T L /T H = 0.17 in Ag 3 LiIr 2 O 6 , similar to both α-Li 2 IrO 3 and Na 2 IrO 3 [10] . Note that the MC simulations were performed on an ideal system with purely Kitaev interactions. Because the real candidate materials have additional non-Kitaev interactions (Eq. 1), it is expected to find mild deviations from the ideal theoretical results.
Discussion-At this point, it is instructive to compare the structural and magnetic parameters between Ag 3 LiIr 2 O 6 and α-Li 2 IrO 3 (Table II) . Due to a comparable bond angle φ, the cancellation of Heisenberg interactions across the opposite Ir-O-Ir bonds in Fig. 1b must be comparable in both compounds. A comparison of Θ cw and Ir-Ir distance suggests that the exchange coupling strength is also comparable in both compounds. The main structural difference between the two materials is a 30% larger inter-layer separation in Ag 3 LiIr 2 O 6 . At first glance, an increased inter-layer separation may suggest increased magnetic fluctuations, hence a weaker AFM order. However, the exchange interactions in iridate materials are highly anisotropic [37] and such an argument does not justify the complete suppression of the AFM order in Ag 3 LiIr 2 O 6 .
A more plausible explanation for the lack of AFM order comes from the density of states (DOS) calculations presented in Fig 4 where a finite weight of silver 4d or- bitals is observed at the Fermi level E F . We present three levels of the DFT calculations following the prior work on α-Li 2 IrO 3 [38] . First, a plain local density approximation (LDA) is presented in Fig. 4a to show the t 2g states just below E F and e g states above E F . Notice that the majority of Ag electrons (blue line) are between 2 and 4 eV below E F ; however, a small but finite contribution from silver d orbitals is observed near E F . Second, by adding the spin-orbit coupling (LDA+SOC) in Fig. 4b , the t 2g levels are split into lower J eff = 3/2 and an upper J eff = 1/2 states. Third, by adding an exchange potential (LDA+SOC+U) in Fig. 4c , a gap is opened within the J eff = 1/2 states to separate the upper and lower Hubbard bands. These results are identical to α-Li 2 IrO 3 and consistent with the localized effective spin-1/2 Kitaev model [38] . The new finding is the finite weight of silver 4d orbitals at E F which remains unchanged be-tween the LDA and LDA+SOC+U calculations, and suggests a d-p orbital mixing between the Ag and O atoms. Whereas the lithium 2s electrons in α-Li 2 IrO 3 are transferred to oxygen 2p orbitals in an ionic bond, the silver 4d electrons in Ag 3 LiIr 2 O 6 are more extended and bonded to the oxygen 2p orbitals with a more covalent character. As a result of such d-p mixing, the SOC is effectively increased on the Ir-O-Ir exchange path within the honeycomb layers of Ag 3 LiIr 2 O 6 which enhances the Kitaev coupling. We emphasize that despite comparable Ir-O-Ir bond angles between α-Li 2 IrO 3 and Ag 3 LiIr 2 O 6 within the honeycomb layers (Table I) , the latter compound is closer to the Kitaev limit because of a stronger SOC mediated via the O-Ag-O bonds between the layers. Thus, our work presents a new approach to optimizing the Kitaev magnets by tuning the inter-layer instead of intra-layer chemical bonds.
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